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The effects of heat and/or hypoxia have been well-documented in match-play data. However, 34 
large match-to-match variation for key physical performance measures makes environmental 35 
inferences difficult to ascertain from soccer match-play. Therefore, the present study aims to 36 
investigate the hot (HOT), hypoxic (HYP) and hot-hypoxic (HH) mediated-decrements 37 
during a non-motorised treadmill based soccer-specific simulation. Twelve male University 38 
soccer players completed three familiarisation sessions and four randomised crossover 39 
experimental trials of the intermittent Soccer Performance Test (iSPT) in normoxic-temperate 40 
(CON: 18
o
C 50% rH), HOT (30
o
C; 50% rH), HYP (1,000m; 18
o
C 50% rH) and HH (1,000m; 41 
30
o
C; 50% rH). Physical performance and its performance decrements, body temperatures 42 
(rectal, skin and estimated muscle temperature), heart rate (HR), arterial blood oxygen 43 
saturation (SaO2), perceived exertion, thermal sensation (TS), body mass changes, blood 44 
lactate and plasma volume were all measured. Performance decrements were similar in HOT 45 
and HYP [Total Distance (-4%), High-speed distance (~-8%) and variable run distance (~-46 
12%) covered] and exacerbated in HH [total distance (-9%), high-speed distance (-15%) and 47 
variable run distance (-15%)] compared to CON. Peak sprint speed, was 4% greater in HOT 48 
compared with CON and HYP and 7% greater in HH. Sprint distance covered was unchanged 49 
(p > 0.05) in HOT and HYP and only decreased in HH (-8%) compared with CON. Body 50 
mass (-2%), temperatures (+2-5%) and TS (+18%) were altered in HOT. Furthermore, SaO2 51 
(-8%) and HR (+3%) were changed in HYP. Similar changes in body mass and temperatures, 52 
HR, TS and SaO2 were evident in HH to HOT and HYP, however, blood lactate (p < 0.001) 53 
and plasma volume (p < 0.001) were only significantly altered in HH. Perceived exertion was 54 
elevated (p < 0.05) by 7% in all conditions compared with CON. Regression analysis 55 
identified that absolute TS and absolute rise in skin and estimated muscle temperature (r = 56 
0.82, r = 0.84 r = 0.82, respectively; p <0.05) predicted the hot-mediated-decrements in HOT. 57 
The hot, hypoxic and hot-hypoxic environments impaired physical performance during iSPT. 58 
Future interventions should address the increases in TS and body temperatures, to attenuate 59 
these decrements on soccer performance. 60 






Environmental stress in elite soccer is an important consideration for both practitioners and 65 
policy makers (Taylor and Rollo, 2014). Indeed, 8 of the last 19 Fédération Internationale de 66 
Football Association (FIFA) World Cups were hosted by countries located at either low (500-67 
2,000 m) or moderate (2,001-3000m) altitudes (e.g., 2010 FIFA World Cup, South Africa, 68 
1200-1700m) (Bartsch et al., 2008; Billaut and Aughey, 2013). Specific to the Union of 69 
European Football Associations (UEFA) region, fixtures are often played above sea level 70 
(e.g. Molde, Norway, 1000 m) and/or in hot environments [e.g. Madrid, Spain, 30
o
C - (Taylor 71 
and Rollo, 2014)]. In relation to heat-stress, temperatures often exceeded 30
o
C (Maximum: 72 
35
o
C) in the 2014 FIFA World Cup hosted by Brazil (Nassis et al., 2015). Furthermore, 73 
combinations of both high temperature and altitude (hypoxia) can be experienced during elite 74 
soccer match-play (e.g. Saint-Etienne, France, 30
o
C; 1000 m). 75 
 76 
Soccer match-play data indicates a decline in physical performance in both heat (Ekblom, 77 
1986; Mohr et al., 2010; Özgünen et al., 2010; Mohr et al., 2012) and hypoxia (Aughey et al., 78 
2013; Nassis, 2013; Garvican et al., 2014; Buchheit et al., 2015) due to a complex interplay 79 
between peripheral, central and perceptual mechanisms (Nybo and Secher, 2004; Billaut and 80 
Aughey, 2013; Goodall et al., 2014; Nybo et al., 2014). However, the combined permutations 81 
of heat and hypoxia during match-play have not been investigated, although logically their 82 
combination would likely exacerbate physical performance decrements. At 43
o
C (Mohr et al., 83 
2012), total distance (-7%) and high-speed distance (-26%) covered are reduced, with these 84 
changes being attributed to a multitude of proposed mechanisms including increasing body 85 
temperatures (Nybo et al., 2014). Furthermore, alterations in tactical behaviour (e.g. reduced 86 
pressing of the ball) has meant that sprint distance covered is unchanged and peak sprint 87 
speed is enhanced during heat-situated soccer match-play (Özgünen et al., 2010; Mohr et al., 88 
2012; Taylor and Rollo, 2014; Flouris and Schlader, 2015). Soccer match-play at low 89 
altitudes [1200 - (Nassis, 2013); 1600m - (Garvican et al., 2014) above sea level] leads to a 90 
decline in total distance (3.1%) and high-speed distance (15%) covered as recovery from 91 
high-speed intermittent activity is prolonged, due to the onset of exercise-induced-arterial-92 
hypoxemia caused by a reduction in partial pressure of oxygen within the atmosphere (Billaut 93 
and Aughey, 2013). However, sprint performance is enhanced in hypoxia due to improved 94 
aerodynamics and flight time of an athlete through the air (Levine et al., 2008), highlighting 95 
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that different components of soccer performance (e.g. sprint performance) are likely to 96 
respond differently within heat and/or hypoxia (Mohr et al., 2012). 97 
 98 
Soccer match-play data, including key physical performance measures (e.g. high-speed 99 
distance covered), shows high match-to-match variation due to a plethora of match factors, 100 
such as tactics, score, opposition, etc. (Gregson et al., 2010). This variability in key physical 101 
performance measures may be exacerbated in both heat (Mohr et al., 2010; Özgünen et al., 102 
2010; Mohr et al., 2012; Nassis et al., 2015) and hypoxia (Aughey et al., 2013; Nassis, 2013; 103 
Garvican et al., 2014; Buchheit et al., 2015) resulting in an altered ‘pacing strategy’ and 104 
exercise intensity (Taylor and Rollo, 2014). Recently, Gregson et al. (2010) suggested that to 105 
obtain meaningful inferences from a soccer match-play research design, a minimum sample 106 
size of eighty players would be required. Consequently, it appears that the majority of match-107 
play based studies examining environmental influences on soccer performance are 108 
underpowered (< 25 participants) (Özgünen et al., 2010; Mohr et al., 2012; Aughey et al., 109 
2013; Garvican et al., 2014; Buchheit et al., 2015), compared to the sample size (n = 80) 110 
proposed by Gregson et al. (2010). Only two studies have utilised an appropriate sample size 111 
(>n = 80) to assess the performance decrements associated with soccer match-play in hypoxia 112 
(Nassis, 2013) and heat (Nassis et al., 2015) during the 2010 and 2014 FIFA World Cup’s, 113 
respectively. In particular, Nassis et al. (2015) revealed that in hot environments, players 114 
preserved key physical performance measures (e.g. peak sprint speed) that are associated with 115 
the match outcome (Faude et al., 2012), by reducing the number of sprints and high-speed 116 
efforts performed during a match. However, irrespective of the environment, players are 117 
likely to modulate their physical performance to avoid an earlier onset of fatigue during a 118 
tournament (Dellal et al., 2013), making environmental-mediated-inferences difficult to 119 
ascertain from the international tournaments data (Nassis, 2013; Nassis et al., 2015).  120 
 121 
Recent reviews (Taylor and Rollo, 2014; Roelands et al., 2015) have recommended a solution 122 
to this ‘sample size issue’ is to utilise an individualised, valid and reliable soccer-specific 123 
simulation to quantify environmentally-mediated performance decrements with greater 124 
experimental control. Aldous et al. (2014) demonstrated that the intermittent Soccer 125 
Performance Test (iSPT) is a valid, reliable and individualised (i.e. individualised speed 126 
5 
 
thresholds) laboratory and non-motorised treadmill (NMT) based soccer-specific simulation; 127 
which can ascertain changes in soccer performance more robustly compared to match-play 128 
data with limited sample sizes. By utilising iSPT, changes in soccer performance between the 129 
identified conditions (e.g. hot and/or hypoxic) can be determined in a controlled environment, 130 
minimising match factors (Gregson et al., 2010) and the within game (Mohr et al., 2005; 131 
Mohr et al., 2010) and tournament (Dellal et al., 2013) enforced pacing strategies (Nybo et 132 
al., 2014; Périard and Racinais, 2015; Roelands et al., 2015), unlike previous 133 
environmentally-situated match-play derived data (Mohr et al., 2012; Garvican et al., 2014).  134 
 135 
Therefore, the aim of this study was to utilise the iSPT to reliably quantify soccer 136 
performance in hot (HOT), hypoxic (HYP), and hot-hypoxic (HH) environments (Aldous et 137 
al., 2014). The first experimental hypothesis was that physiological strain would be increased 138 
in HOT, HYP and HH compared with CON, causing a significant reduction in physical 139 
performance in HOT, HYP and HH. The second experimental hypothesis expected the hot 140 
and hypoxic environments to enhance sprint performance in HOT and HYP. Finally, the third 141 
experimental hypothesis was that in HH, physiological strain would be exacerbated compared 142 
with HOT and HYP causing a larger decline in physical performance. 143 
 144 
METHODS 145 
PARTICIPANTS AND EXPERIMENTAL CONTROLS 146 
Twelve male, University level soccer players [median (min-max) age = 23 (18-33) y; mass = 147 







volunteered for this study. An a priori power calculation (G*Power 3) was used to determine 149 
the number of participants required for this experiment (n = 12) with an alpha level of 0.05 150 
and a statistical power of 99%, using data [(high-speed distance covered) - minimum 151 
worthwhile effect = 5 m; SD = 50] from Aldous et al. (2014). All participants were members 152 
of the University of Bedfordshire Soccer team who trained at least two times per week and 153 
played at least one full 90 min match per week. The study was approved by the University of 154 
Bedfordshire Ethics Committee, and conformed to the declaration of Helsinki. All 155 
participants were fully informed of the risks associated with this study before they gave full 156 
written consent to take part in testing. Participants standardised their food and water 157 
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consumption (Sawka et al., 2007) and abstained from alcohol, cigarettes, caffeine and 158 
strenuous exercise at least 48 h prior to testing and maintained their normal diet prior to and 159 
during the testing sessions [in line with (Taylor et al., 2014)]. Participants refrained from 160 
supplementation of ergogenic aids throughout the study and had not been exposed to >30
o
C 161 
and/or >1000 m above sea level three months prior to this study (Taylor et al., 2010). 162 
Adherence was assessed by questionnaire, with no violations seen for these control 163 
parameters.  164 
 165 
Participants were instructed to drink 2-3 L of water 24 h prior to all laboratory visits (Sawka 166 
et al., 2007; Taylor et al., 2012) as prior to each experimental trial hydration status was 167 
assessed via urine osmolality (Atago-Vitech-Scientific, Pocket-PAL-OSMO, HaB-Direct, 168 
Southam). Euhydration was deemed when urine osmolality was below 600 mOsm/l (Hillman 169 
et al., 2013). Testing times were held constant for individuals due to the effects of circadian 170 
variation upon rectal temperature (Tre) (Racinais et al., 2012) and physical performance 171 
(Drust et al., 2005).  172 
 173 
Study Design 174 
All familiarisation (FAM), peak speed assessments (PSA) and iSPTs were completed on the 175 
same NMT (Force 3.0, Woodway, Cranlea, Birmingham).  176 
 177 
Visit 1-3 (FAM1-3 and PSA): The three FAM sessions and one PSA session were completed as 178 
per Aldous et al. (2014). FAM1-3 robustly familiarised [as demonstrated by Aldous et al. 179 
(2014)] participants to iSPT and the running mechanics of NMT locomotion, which 180 
compared to ‘free’ running and motorised treadmill running has notable differences (Lakomy, 181 
1987). Familiarised participants (i.e. post FAM1-3) subsequently (1 h post-FAM) completed a 182 
PSA, which identified each participant’s familiarised peak sprint speed. The PSA derived of 183 
four 6 s maximal sprints over a 4 min period with equal rest (1 min) between sprints to allow 184 
adequate recovery time. For each participant, the peak sprint speed was defined as the fastest 185 
speed recorded during the PSA. The peak sprint speed was then utilised to individualise all 186 
speed thresholds during iSPT to each participant (Aldous et al., 2014; Coull et al., 2015). So 187 
for example, a participant with a peak sprint speed of 24 km·h
-1
, would have the following 188 
speeds to achieve for each movement category across iSPT; stand (0 km·h
-1






), jog (8 km·h
-1
), run (12 km·h
-1
), fast run (14 km·h
-1
) and sprint (24 km·h
-1
). The percentage 190 
of peak sprint, ascertained from the PSA, and how this determines the required speed for each 191 
movement category across iSPT is detailed in Table 1. These speed thresholds determined the 192 
speed (target speed/threshold) participants had to obtain for each movement type (stand, 193 
walk, jog, run, fast run and sprint). The frequency and distribution of these movement types 194 
(Table 1) were based upon the findings of previous match-play data, and were shown by 195 
Aldous et al. (2014) to be valid and reliable. No other physical performance measures were 196 
calculated during the FAM and PSA sessions. Visits 4-7: A randomised-controlled design 197 
was then used with each participant completing four experimental trials of iSPT:  CON [0 m; 198 
18
o
C, 50% Relative Humidity (rH)], HOT (30
o
C; 50% rH), HYP (1000 m; 18
o
C 50% rH) and 199 
HH (1000 m; 30
o
C 50% rH). All experimental trials were separated by 7 d and completed 200 
within a controlled laboratory environment (Flower-House, Farm-House, Two-Wests and 201 
Elliot, Chesterfield) where hot and hypoxic exposures were administered using a portable 202 
heater (Bio-Green, Arkansas-3000, Hampshire) and an adjustable hypoxicator (Everest-203 
Summit-II, The Altitude Centre, UK), respectively. The adjustable hypoxicator mask was 204 
worn in all four experimental trials. Environmental temperature, rH and simulated altitude 205 
were measured continuously during all experimental trials (Table 2). Prior to completing 206 
iSPT, all participants completed a 10 min warm up on the NMT at a speed of 8 km·h-1 and 207 
including 2 brief sprints (<4 seconds), as per Oliver et al. (2007). The 10 min warm up took 208 
place in the subsequent environment each experimental condition was performed in. 209 
 210 
Intermittent Soccer Performance Test: The iSPT consisted of two 45 min halves comprised 211 
of three identical 15 min intermittent exercise blocks [Figure 1 - (Aldous et al., 2014)], 212 
utilising the movement categories detailed previously (stand, walk, jog, run, fast run, variable 213 
run and sprint). The frequency and durations of these movement categories (and how their 214 
respective target speeds/thresholds are calculated) across the iSPT are provided in Table 1 215 
with an example provided within the previous section. Throughout each 15 min block for all 216 
target speeds apart from the variable run, participants interacted with a computer program 217 
(Innervation, Pacer Performance System Software, Innervation, Pacer Performance System 218 
Software, Lismore, Australia) by following a red line on the screen (which displayed their 219 
target speed) and their current (actual) speed (green line). If a discrepancy between target and 220 
current speed (i.e. the lines did not closely overlap) was evident participants had to run more 221 
quickly, or slowly, accordingly, to realign the lines. Participants were instructed to match 222 
8 
 
their current speed with the target speed as closely as possible throughout iSPT for all target 223 
speeds related to each movement type (stand, walk, jog, run, fast run and sprint) apart from 224 
the variable run. Audio cues specific to each movement category (e.g., jog) were also 225 
presented. Before each change in speed, 3 audible tones were played, which were followed 226 
by an audible command to inform the subject of the upcoming activity (e.g., “beep,” “beep,” 227 
“beep,” “run”). Four self-selected high-speed runs (variable run: 13th–14th minute of each 228 
15-minute block; Figure 1) were included, where the participant was instructed to cover as 229 
much distance as possible without sprinting.  230 
 231 
Physical Performance Measurements 232 
Data for total distance covered was comprised from all movement categories and was 233 
calculated between both halves and conditions. High-speed, variable run and sprint distance 234 
covered was computed for each half and entire condition as well as the total amount 235 
performed in each 15 min block (Aldous et al., 2014). Peak sprint speed was only obtained as 236 
the fastest speed seen for each 15 min block. Performance decrements for all physical 237 
performance measurements were calculated in distance covered (m) and percentage (%) 238 
between conditions halves and 15 min blocks. 239 
 240 
Physiological Measurements 241 
Prior to the FAM, height (cm) was measured using a Holtain Stationmaster (Stadiometer, 242 
Harpenden, HAR 98.602, Holtain). Body Mass (kg) was also measured pre- and post-iSPT 243 
using digital scales (Tanita, BWB0800, Allied Weighing) to account for the fluid loss for 244 
each player, with the 500 mL of water players consumed during the half-time break 245 
accounted for. Heart rate (HR) was recorded beat-by-beat and averaged every 1 min using a 246 
telemetric heart rate monitor (Polar, FS1, Polar Electro, Oy). Fingertip blood samples were 247 
taken to assess blood lactate (Bla) (YSI, 2500 stat plus, YSI) during walking or standing 248 
phases of the iSPT at 12, 27 and 45 min of each half (Aldous et al., 2014). All Haematocrit 249 
(Hct) samples was collected into heparinised capillary tubes (Hawksley & Sons Ltd, UK) and 250 
then centrifuged at 5,000 RPM for 3 min (Hawksely, Micro Haematocrit centrifuge, 251 
Hawksley & Sons Ltd, UK). The Hct levels were read from the Haematocrit reader 252 
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(Hawksley, UK). Haemoglobin (Hb) concentration was then collected via micro-cuvettes 253 
(Hemocue, Hb 201, Hemocue Ltd, Sweden) and then measured using a B-Haemoglobin 254 
photometer (Hemocue, Hb 201
+
, Hemocue Ltd, Sweden). 255 
 256 
Changes in blood plasma volume (%ΔPV)  both within/between tests were then estimated 257 
from Hb and Hct using the following equation (Dill and Costill, 1974): 258 
%ΔPV = [(Hbpreex/Hbpostex) x [(100 – Hctpostex)/(100 – Hctpreex)] – 1] x 100. 259 
Where ∆PV is percent change of PV, subscript a, is pre-iSPT; and subscript b, is post-iSPT.  260 
 261 
A single-use rectal thermistor (Henleys, 400H, Henleys Medical, Welwyn Garden City) was 262 
used to measure rectal temperature (Tre) from a depth of 10cm past the anal sphincter and 263 
read by a connected data logger (Measurement, 4600, Henley-medical, Welwyn Garden 264 
City). Skin thermistors (Grant, EUS-U-VS5-0, Wessex-Power, Dorset) were attached to the 265 
right side of the body at the centre of the pectoralis major, biceps brachi, rectus femoris, and 266 
gastrocnemius to measure skin temperature (Tsk) with data recorded separately to a data 267 
logger (Eltek/Squirrel, Squirrel Series/model 451, Wessex Power, Dorset).  268 
 269 
The following equation was used to calculate Tsk (Ramanathan, 1964). 270 
Tsk = 0.3 (Tchest + Tarm) + 0.2 (Tthigh + Tcalf) 271 
 272 
Estimated muscle temperature (Tmu) was also calculated using the following equation 273 
(Racinais et al., 2005a): 274 
Tmu =1.02 x Tsk + 0.89 275 
 276 
Arterial blood oxygen saturation (SaO2) was measured via a finger pulse oximeter (Onyx® II 277 
9550, Nonin-Medical, USA) fixed upon the participant’s index finger. All body temperature 278 
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measures (Tre, Tsk and Tmu), perceived exertion [RPE; Borg 6-20 scale - (Borg, 1998)] and 279 
thermal sensation [TS; 0-8 scale (Young et al., 1987)] were collected in 15 min intervals.  280 
 281 
Statistical Analysis 282 
Normality of the observed data was assessed using quantile-quantile (Q – Q) plots and was 283 
deemed plausible in all instances with data presented as mean ± standard deviation (SD). 284 
Differences between condition, time, and condition x time for all physical and physiological 285 
measures were analysed using linear mixed models (IBM-SPSS statistics for Windows, 286 
Version 21, Armonk, NY). This type of analysis was preferred as it i) allows for missing data, 287 
ii) can accurately model different covariate structures for repeated measures data, and iii) can 288 
model between-subject variability (Vandenbogaerde and Hopkins, 2010; West et al., 2014). 289 
Where significance was obtained, Sidak post-hoc tests were used to locate significant pairs on 290 
all physical and physiological measures. A step down Hommel adjusted post-hoc pairwise 291 
comparisons was calculated for each physical and physiological measure if a significant main 292 
effect and/or interaction effect was present (Hommel, 1988). Two-tailed statistical 293 
significance was accepted at the p =< 0.05 level.  The percentage changes between all 294 
physical performance measures are also reported and 95% CI presented where necessary. The 295 
most appropriate model was chosen using the smallest Hurvich and Tsai’s criterion (AICC) 296 
in accordance with the principal of parsimony. Second, normality and homogeneity of 297 
variance of the residuals were checked using Q − Q plots and scatter plots, respectively, and 298 
deemed plausible in each instance. A Stepwise multiple linear regression analysis for each 299 
condition was performed in order to investigate which of the ‘physiological responses’ (e.g. 300 
Body temperatures, Subjective and Physiological measures) were able to predict the 301 
environmentally-induced-decrements in physical performance (e.g. total distance, high-speed 302 
distance, sprint distance and sprint distance covered). 303 
 304 
RESULTS 305 
Physical Performance 306 
Overall and Between Halves 307 
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A significant main effect for condition (F = 16.5; p < 0.001), time (F = 202.8; p < 0.001) and 308 
an interaction effect for condition x time (F = 3.6; p = 0.03) was observed for total distance 309 
covered (Figure 2). Total distance covered was reduced by 4% in HOT (mean difference = 310 
321 ± 131 m, p = 0.001, 95% CI: 65 – 256 m) and HYP (mean difference = 324 ± 136 m, p = 311 
0.004, 95% CI: 44 - 282 m) and by 9% in HH (mean difference = 756 ± 142 m, p < 0.001, 312 
95% CI: 196 – 560 m), compared to CON. A 5% reduction in total distance covered in HH 313 
compared to HOT (mean difference = 431 ± 132 m, p = 0.01, 95% CI: 41 - 395 m) and HYP 314 
(mean difference = 431 ± 132 m, p = 0.01, 95% CI: 41 - 395 m) was also evident. Between 315 
halves, the performance decrements were greater in HH (4%, mean difference = 164 ± 60 m, 316 
p < 0.001, 95% CI: 126 - 202 m), HYP (3%, mean difference = 101 ± 66 m, p < 0.001, 95% 317 
CI: 59 - 143 m), and HOT (2%, mean difference = 120 ± 45 m, p < 0.001, 95% CI: 91 - 148 318 
m) compared with CON (1%, mean difference = 81 ± 66 m p = 0.001, 95% CI: 39 - 123 m). 319 
Furthermore, total distance covered was 3% (1
st
 half) and 4% (2
nd
 half) greater in CON 320 
compared to HOT (1
st
 half: mean difference = 141 ± 53 m p = 0.007, 95% CI: 33 - 249 m, 2
nd
 321 
half: p = 0.001, 95% CI: 88 - 272 m) and HYP (1
st
 half: mean difference = 152 ± 32 m p = 322 
0.006, 95% CI: 34 - 271 m; 2
nd
 half: p = 0.006, 95% CI: 41 – 305 m). Performance 323 
decrements in total distance covered were observed in HH compared to CON during the 1
st
 (-324 
8%, mean difference = 336 ± 32 m, p < 0.001, 95% CI: 144 - 529 m) and 2
nd
 half (-10%, 325 
mean difference = 420 ± 63 m, p < 0.001, 95% CI: 242 - 597 m). A 4% and 6% reduction in 326 




 half in HH compared to HOT (1
st
 327 
half: mean difference = 184 ± 43 m, p = 0.04, 95% CI: 10 – 380 m; 2nd half: mean difference 328 
= 240 ± 32 m, p = 0.004, 95% CI: 68 - 412 m) and HYP (1
st
 half: mean difference = 185 ± 33 329 
m, p = 0.04, 95% CI: 10 - 381 m; 2
nd
 half: mean difference = 243 ± 39 m, p = 0.04, 95% CI: 330 
73 - 420 m), respectively (Figure 2). 331 
 332 
A significant main effect for condition (F = 39.1; p < 0.001), time (F = 22.1; p < 0.001) and 333 
an interaction effect (F = 3.1; p = 0.04) was observed for high-speed distance covered (Figure 334 
2). High-speed distance covered was reduced in HOT (-7%, mean difference = 160 ± 21 m, p 335 
= 0.001, 95% CI: 16 - 78 m), HYP (-9%, mean difference = 203 ± 32 m, p < 0.001, 95% CI: 336 
62 - 81 m) and HH (-15%, mean difference = 340 ± 43 m, p <0.001, 95% CI: 91 - 152 m) 337 
compared to CON. An 8% decrement in high-speed distance covered was observed in HH 338 
compared to HOT (mean difference = 180 ± 36 m, p < 0.001, 95% CI: 44 - 105 m) and HYP 339 
(mean difference = 182 ± 38 m, p < 0.001, 95% CI: 28 - 89 m). The performance decrements 340 
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between halves was greater in HH (-6%, mean difference = 60 ± 30 m, p < 0.001, 95% CI: 341 
126 - 202 m), HYP (-4%, mean difference = 46 ± 33 m, p = 0.003, 95% CI: 59 - 143 m) and 342 
HOT (-4%, mean difference = 48 ± 22 m, p < 0.001, 95% CI: 91 - 148 m) compared with 343 
CON (-3%, mean difference = 39 ± 16 m, p < 0.001, 95% CI: 39 - 123 m). Compared to 344 
CON, high-speed distance covered was reduced during the 1
st
 half in HOT (-6%, mean 345 
difference = 76 ± 36 m, p = 0.002, 95% CI: 21 - 86 m), HYP (-8%, mean difference = 98 ± 346 
64 m, p < 0.001, 95% CI: 23 - 110 m) and HH (-14%, mean difference = 160 ± 58 m, p < 347 
0.001, 95% CI: 78 - 164 m). The high-speed distance covered was also reduced in the 2
nd
 half 348 
in HOT (-7%, mean difference = 84 ± 58 m, p = 0.001, 95% CI: 7 - 94 m), HYP (-9%, mean 349 
difference = 105 ± 48 m, p = 0.001, 95% CI: 41 - 305 m) and HH (-16%, mean difference = 350 
180 ± 68 m, p < 0.001, 95% CI: 78 - 165 m) compared to CON. Furthermore, a reduction in 351 
high-speed distance covered was evident at HH compared to HOT during the 1
st
 (-8%, mean 352 
difference = 84 ± 47 m, p = 0.009, 95% CI: 35 - 121 m) and 2
nd
 (-6%, mean difference = 96 ± 353 
54 m, p = 0.009, 95% CI: 28 - 114 m) half. A decrement in high-speed distance covered was 354 
observed at HH compared to HYP during the 1
st
 (-9%, mean difference = 61 ± 46 m, p = 355 
0.007, 95% CI: 19 - 106 m) and 2
nd
 (-7%, mean difference = 75 ± 54 m, p = 0.007, 95% CI: 356 
12 - 98 m) half (Figure 2). 357 
 358 
There was a significant main effect for condition (F = 4.8; p = 0.01), time (F = 92.6; p < 359 
0.001) and an interaction effect (F = 3.7; p = 0.03) for sprint distance covered (Figure 2). The 360 
sprint distance covered was reduced in HH compared with CON (-8%, mean difference = 93 361 
± 36 m, p = 0.009, 95% CI: 9 - 83 m) and HOT (-7%, mean difference = 78 ± 46 m, p = 0.04, 362 
95% CI: 7 - 69 m). The performance decrements between halves was greater in HH (-5%, 363 
mean difference = 24 ± 19 m, p = 0.001, 95% CI: 12 - 36 m), HYP (-5%, mean difference = 364 
26 ± 24 m, p = 0.003, 95% CI: 11 - 41 m) and HOT (-6%, mean difference = 30 ± 17 m, p < 365 
0.001, 95% CI: 20 - 41 m) compared with CON (-3%, mean difference = 15 ± 9 m, p < 0.001, 366 
95% CI: 9 - 21 m). In CON, the sprint distance covered was greater in both halves (1
st
: -8%, 367 
mean difference = 38 ± 25 m, p = 0.04, 95% CI: 1.9, 81.5 m; 2
nd
: -10%, mean difference = 51 368 
± 35 m, p = 0.003, 95% CI: 14.2, 87.8 m) compared to HH (Figure 2). 369 
 370 
There was a significant main effect for condition (F = 28.9; p < 0.001), time (F = 229.9; p < 371 
0.001) and interaction effect (F = 5.8; p = 0.008) for variable run distance covered (Figure 2). 372 
13 
 
The variable run distance covered was greater in CON compared with HOT (-13%, mean 373 
difference = 74 ± 24 m, p < 0.001, 95% CI: 22 - 53 m), HYP (-12%, mean difference = 65 ± 374 
35 m, p < 0.001, 95% CI: 17 - 48 m) and HH (-15%, mean difference = 111 ± 37 m, p < 375 
0.001, 95% CI: 34 - 78 m). The performance decrements between halves was greater in HH (-376 
10%, mean difference = 24 ± 10 m, p < 0.001, 95% CI: 18 - 30 m), HYP (-8%, mean 377 
difference = 20 ± 10 m, p < 0.001, 95% CI: 14 - 27 m) and HOT (-7%, mean difference = 19 378 
± 7 m, p < 0.001, 95% CI: 14 - 23 m) compared with CON (-4%, mean difference = 12 ± 5 379 
m, p < 0.001, 95% CI: 9 - 15 m). Variable run distance covered was greater in both halves of 380 
CON compared with HOT (1
st
: -10%, mean difference = 34 ± 30 m, p < 0.001, 95% CI: 20 - 381 
48 m; 2
nd
: -15%, mean difference = 41 ± 38 m, p < 0.001, 95% CI: 22 59 m), HYP (1
st
:- 9%, 382 
mean difference = 29 ± 23 m, p < 0.001, 95% CI: 14 - 43 m; 2
nd
: -13%, mean difference = 37 383 
± 25 m, p < 0.001, 95% CI: 18 - 55 m) and HH (1
st
: -17%, mean difference = 50 ± 35 m, p < 384 
0.001, 95% CI: 28 - 72 m; 2
nd
: -22%, mean difference = 62 ± 31 m, p < 0.001, 95% CI: 38 - 385 
89 m) (Figure 2). 386 
 387 
Between 15 min Blocks 388 
For high-speed distance covered, the performance decrements between the first and last 15 389 
min blocks for CON (mean difference = 17 ± 6 m, p = 0.01, 95% CI: 3 – 21 m), HOT (mean 390 
difference = 31 ± 2 m, p = 0.001, 95% CI: 10 – 51 m), HYP (mean difference = 35 ± 7 m, p = 391 
0.001, 95% CI: 11 – 55 m) and HH (mean difference = 49 ± 5 m, p = 0.001, 95% CI: 27 – 392 
101 m) was -7%, -8%, -10% and -14%, respectively. The high-speed distance covered was 393 
reduced (p < 0.05) in all 15 min blocks in HOT [Range (%, m): -6– -8%, 26 – 40 m], HYP 394 
[Range (%, m): -9– -11%, 43 – 51 m] and HH [Range (%, m): -16– -18%, 45 – 67 m] 395 
compared to CON (Table 3).   396 
 397 
The performance decrements for sprint distance covered between the first and 15 min block 398 
for CON (mean difference = 12 ± 14 m p = 0.007, 95% CI: 2 – 23 m), HOT (mean difference 399 
= 18 ± 12 m p = 0.005, 95% CI: 1 – 13 m), HYP (mean difference = 18 ± 12 m, p = 0.005, 400 
95% CI: 2 – 15 m) and HH (mean difference = 22 ± 11 m, p <0.001, 95% CI: -6 – -25 m) was 401 
-7% -11% -10% and 13% respectively. A 6% decrease in sprint distance covered was 402 
observed in the final 15 min in CON compared with the identical time point in HOT (mean 403 
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difference = 10 ± 13 m, p = 0.03, 95% CI: 1 - 20 m) and HYP (mean difference = 12 ± 21 m 404 
p = 0.03, 95% CI: 1 - 24 m). In CON compared with HH, the sprint distance covered was also 405 
increased by 9% (18 ± 12 m, p = 0.002, 95% CI: 6 - 30 m) and 12% (25 ± 11 m, p < 0.001, 406 
95% CI: 9 - 33 m) in the final two 15 min blocks, respectively (Table 3).   407 
 408 
The performance decrements between the first and last 15 min block in variable run distance 409 
covered for CON (mean difference = 10 ± 8 m, p = 0.04, 95% CI: 1 - 7 m), HOT (mean 410 
difference = 14 ± 9 m, p = 0.001, 95% CI: 4 - 18 m), HYP (mean difference = 15 ± 21 m, p = 411 
0.04, 95% CI: 1 - 21 m) and HH (mean difference = 17 ± 21 m p = 0.04, 95% CI: 1 - 17 m) 412 
was 7%, 8%, 10% and 14%, respectively. The variable run distance covered was reduced (p < 413 
0.05) in all 15 min blocks by ~18% [Range (%, m): 16-18%, 16 – 23 m] in HH compared to 414 
CON. An 8% decrease in variable run distance covered was seen in the final 15 min in CON 415 
compared with the identical time points in HOT (mean difference = 16 ± 12 m, p = 0.009, 416 
95% CI: 2 - 17 m) and HYP (mean difference = 16 ± -13 m, p = 0.01, 95% CI: 2 - 17 m) 417 
(Table 3). 418 
 419 
The peak sprint speed reached in iSPT was 4% (3 ± 1 km·h
-1
), 4% (4 ± 1 km·h
-1
) and 7% (5 ± 420 
1 km·h
-1
) faster in all 15 min blocks HOT than in CON (p = 0.03, 95% CI: 1 - 2 km·h
-1
), 421 
HYP (p = 0.03, 95% CI: 1 - 3 km·h
-1
) and HH (p = 0.03, 95% CI: 1 - 3 km·h
-1
), respectively. 422 
Furthermore, there was no significant difference (p > 0.05) in peak sprint speed between 423 
CON, HYP and HH (Table 3).  424 
  425 
Body Temperature  426 
Tre: There was a significant main effect for condition (F = 4576.7; p < 0.001), time (F = 12.9; 427 
p < 0.001) and an interaction effect (F = 2.2; p = 0.007) for Tre. The mean Tre in HOT (38.7 ± 428 
0.2 
o
C) was elevated by 2% compared with both CON (38.3 ± 0.3 
o
C, p < 0.001, 95% CI: 0.2 429 
– 0.5 oC) and HYP (38.3 ± 0.4 oC, p = 0.001, 95% CI: 0.1 – 0.4 oC). Furthermore, the mean 430 
Tre in HH (38.6 ± 0.2 
o
C) was also increased (2 %) when compared with both CON (p = 431 
0.001, 95% CI: 0.1 – 0.6 oC) and HYP (p = 0.009, 95% CI: 0.1 – 0.4 oC). There was no 432 
significant difference (p = 1.000, 95% CI: -0.2 – 0.2 oC) in mean Tre between HOT and HH. 433 
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At all-time points including and after 15 min, Tre was significantly increased (p < 0.001) in 434 
HOT and HH compared with CON and HYP (Figure 3). 435 
 436 
Tsk: There was a significant main effect for condition (F = 2163.7; p < 0.001), time (F = 40.9; 437 
p < 0.001) and main effect for condition x time (F = 28.9; p < 0.001) for Tsk. The mean Tsk in 438 
HOT (34.1 ± 1.0 
o
C) was elevated by 5% compared with both CON (32.5 ± 1.3 
o
C, p < 0.001, 439 
95% CI: 1 – 3 oC) and HYP (32.4 ± 1.5 oC, p < 0.001, 95% CI: 1 – 2 oC). Furthermore, the 440 
mean Tsk in HH (34.5 ± 1.2 
o
C) was also increased (5%) when compared with both CON (p < 441 
0.001, 95% CI: 1 – 3 oC) and HYP (p < 0.001, 95% CI: 1 – 3 oC). There was no significant 442 
difference (p = 1.000, 95% CI: -1.8 – 0.6 oC) in mean Tsk between HOT and HH. At all-time 443 
points including and after 15 min, Tsk was significantly increased (p < 0.001) in HOT and HH 444 
compared with CON and HYP (Figure 3).  445 
 446 
Estimated Tmu: There was a significant main effect for condition (F = 2163.7; p < 0.001), 447 
time (F = 40.9; p < 0.001) and an interaction effect (F = 28.9; p < 0.001) for Tmu. The mean 448 
estimated Tmu in HOT (35.7 ± 1.0 
o
C) was elevated by 5% compared with both CON (34.1 ± 449 
1.3 
o
C, p < 0.001, 95% CI: 1 – 2 oC) and HYP (33.9 ± 1.5 oC, p < 0.001, 95% CI: 1 – 2 oC). 450 
Furthermore, the mean estimated Tmu in HH (36.1 ± 1.2 
o
C) was also increased (5%) when 451 
compared with both CON (p < 0.001, 95% CI: 1 – 3 oC) and HYP (p < 0.001, 95% CI: 1 – 3 452 
o
C). There was no significant difference (p = 1.000, 95% CI: -1.7 – 0.6 oC) in mean estimated 453 
Tmu between HOT and HH. At all-time points including and after 15 min, estimated Tmu was 454 
significantly increased (p < 0.001) in HOT and HH compared with CON and HYP (Figure 3). 455 
 456 
Subjective Measures 457 
There was a significant main effect for condition (F = 20.8; p < 0.001), time (F = 1140.3; p < 458 
0.001) and an interaction effect (F = 1.8; p = 0.02) for RPE (Figure 4). Perceived Exertion 459 
was 7% lower during CON (15 ± 2) compared with HOT (16 ± 2, p < 0.001, 95% CI: 0 - 1), 460 
HYP (16 ± 2, p < 0.001, 95% CI: 0 - 1) and HH (17 ± 1, p < 0.001, 95% CI: 1 – 2). Perceived 461 
Exertion was greater (p < 0.05) in HH compared to CON from all-time points after 15 min, 462 
and increased at 45 and 105 min in HOT (45 min: p < 0.001, 95% CI: 1 - 3; 105 min: p < 463 
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0.001. 95% CI: 1 - 3) and HYP (45 min: p = 0.001. 95% CI: 1 - 3; 105 min: p = 0.006, 95% 464 
CI: 1 - 3) compared to CON (Figure 4).  465 
 466 
Figure 4 reveals a significant main effect for condition (F = 96.5; p < 0.001), time (F = 106.2; 467 
p < 0.001) and an interaction effect (F = 1.8; p = 0.01) for TS. The TS was 18% lower during 468 
CON (5 ± 1) and HYP (5 ± 1) compared with HOT (6 ± 1) (CON: p < 0.001, 95% CI: 1 - 2; 469 
HYP: p < 0.001, 95% CI: 1 - 2) and HH (6 ± 1) (CON: p < 0.001, 95% CI: 1 - 2; HYP: p < 470 
0.001, 95% CI: 1 - 2). A significant increase (p < 0.05) in TS during HOT and HH at 0 and 471 
30-105 min compared with CON and HYP (Figure 4).  472 
 473 
Arterial Blood Oxygen Saturation 474 
There was a significant main effect for condition (F = 453.8; p < 0.001), time (F = 133.4; p < 475 
0.001) and an interaction effect (F = 12.2; p < 0.001) for SaO2. Mean SaO2 was 97.4%, 476 
96.9%, 90.5% and 89.4% in CON, HOT, HYP and HH, respectively. During HYP and HH a 477 
7% decrease in SaO2 was evident compared with CON (HYP: p < 0.001, 95% CI: 6 - 8 %; 478 
HH: p < 0.001, 95% CI: 7 – 9) and HOT (HYP: p < 0.001, 95% CI: 5 - 6 %; HH: p < 0.001, 479 
95% CI: 6 - 7 %). A significant reduction (p < 0.05) in SaO2 was also seen during HYP and 480 
HH compared with CON and HOT at all-time points (Figure 4). 481 
 482 
Heart Rate Response 483 
There was a significant main effect for condition (F = 5.8; p = 0.004), but there was no 484 
significant main effect for time (F = 1.3; p = 0.28) and no interaction effect (F = 0.1; p = 485 
0.99) for HR. Mean HR during CON, HOT, HYP and HH was 161 ± 10 b·min
-1
, 163 ± 3 486 
b·min
-1
, 165 ± 7 b·min
-1
 and 168 ± 8 b·min
-1
, respectively. In HH, a significant increase (7 ± 487 
11 b·min
-1
, p < 0.001, 95% CI: 1 - 13 b·min
-1
) by 4% was seen compared with CON. 488 
Furthermore, The HR was also increased (4 ± 9 b·min
-1
, p = 0.002, 95% CI: 2 - 13 b·min
-1
) 489 
by 3% in HYP compared with CON. No significant change (2 ± 9 b·min
-1
, p = 0.30, 95% CI: 490 
-2 - 8 b·min
-1




Body Mass Changes 493 
There was a significant main effect for condition (F = 10.8; p < 0.001), time (F = 162.5; p < 494 
0.001) and an interaction effect (F = 2.9; p = 0.04) for body mass. Body mass was 495 
significantly reduced post-iSPT by 2% (2 ± 1 kg) in both HOT (HOT vs CON: 75 ± 12 kg, p 496 
< 0.001, 95% CI: 1 - 2 kg; HOT vs HYP: p < 0.001, 95% CI: 1 - 2 kg) and HH (HH vs CON: 497 
75.6 ± 11.2 kg, p = 0.005, 95% CI: 0 - 2 kg; HH vs HYP: p = 0.005, 95% CI: 0 - 2 kg) 498 
compared to CON (77 ± 11 kg) and HYP (77 ± 11 kg). 499 
 500 
Blood Lactate and Plasma Volume Changes 501 
Bla Concentration: There was a significant main effect for condition (F = 18.4; p < 0.001) 502 
and time (F = 90.1; p < 0.001), for Bla. However, no interaction effect (F = 0.7; p = 0.77) 503 
was evident between halves and individual time points for Bla. Between conditions, the Bla 504 
concentration at HH was only significantly increased (1.5 mmol
-1
, p < 0.001, 95% CI: 1-2 505 
mmol
-1
) compared with CON. No significant difference (p < 0.05) in Bla concentration was 506 
evident between CON, HOT and HYP (Table 4). 507 
 508 
Plasma Volume Change: There was also a significant main effect for condition (F = 20.2; p 509 
< 0.001), time (F = 88.6; p < 0.001) and interaction effect (F = 0.9; p = 0.04) for plasma 510 
volume change. Between pre- and post-iSPT, there was a significant reduction in plasma 511 
volume change in CON (p = 0.001, 95% CI = -1- -3 %), HOT (p < 0.001, 95% CI = -1 - -5 512 
%), HYP (p < 0.001, 95% CI = - 1 - -4 %),) and HH (p < 0.001, 95% CI = -3- -11 %), 513 
between pre- and post-iSPT. In HH, a significantly greater reduction (p < 0.001, 95% CI: -3 - 514 
-7%) in plasma volume change was evident compared with CON (Table 4).  515 
Regression Analysis 516 
A stepwise regression analysis identified that absolute TS at the end of HOT was a predictor 517 
of the total distance (r = 0.82, p = 0.05) and high-speed distance covered (r = 0.82, p = 0.05) 518 
during the HOT condition. The absolute rise from the start to end of HOT for Tmu (r = 0.84, p 519 
= 0.02) and Tsk (r = 0.82, p = 0.02) was also a predictor for the total distance and high-speed 520 
distance covered at HOT. The absolute TS during HOT was also a predictor of the percentage 521 
reduction (5%) for the total distance covered (r = 0.82, p = 0.02) from CON to HOT. No 522 
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other physiological measures were found to be significant predictors of the physical 523 




The present study examined the changes in simulated soccer performance in HOT, HYP and 528 
HH conditions compared with CON, by utilising the recently validated iSPT (Aldous et al., 529 
2014). The main finding revealed a marked decline in total distance, high-speed distance and 530 
variable run distance covered during HOT, HYP and HH conditions when compared to CON 531 
(Figure 2), supporting the first experimental hypothesis. A secondary finding was that peak 532 
sprint speed, was increased in HOT compared with CON, HYP and HH and that sprint 533 
distance covered was unchanged in HOT and HYP, supporting the second experimental 534 
hypothesis (Figure 2 and Table 3). Furthermore, a greater decline in physical performance 535 
was seen in HH even though physiological changes in body mass and temperatures (Figure 536 
3), HR, subjective measures (Figure 4) and SaO2 (Figure 4) were not exacerbated compared 537 
to HOT and HYP. This change in physical performance was likely due to alterations in Bla 538 
concentration and plasma volume which were only present in HH, supporting the third 539 
experimental hypothesis. 540 
 541 
The data from this study reveals a 4% reduction in total distance and high-speed distance 542 
covered in both HOT and HYP compared with CON, which agrees with previous match-play 543 
studies in the heat [43
o
C - (Mohr et al., 2012)] and at low altitudes [1,600m - (Garvican et al., 544 
2014)]. The performance decrements for total distance, high-speed distance and variable run 545 
distance covered between halves (Figure 2) were greater in HOT (8-11%), HYP (10%) and 546 
HH (13-14%) compared to CON (7%). In contrast to our results, Mohr et al. (2012) reported 547 
the performance decrements between halves was greater in temperate (21
o
C) compared to hot 548 
(43
o
C) conditions during match-play. This increased performance decrement is indicative of 549 
an adaptive match-play-specific pacing strategy which is postulated to preserve technical skill 550 
execution (Mohr et al., 2012; Nassis, 2013; Nassis et al., 2015). The environmental stress 551 
may likely reduce the ‘willingness’ of an athlete to perform physical exercise during match-552 
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play (Mohr et al., 2012; Aughey et al., 2013). The iSPT (Aldous et al., 2014) prevents 553 
adoption of these pacing strategies [i.e. match factors - (Gregson et al., 2010)] with the same 554 
exercise performed in each half due to the individualised and externally-controlled speed 555 
thresholds. Therefore, players cannot preserve their sprinting characteristics during iSPT by 556 
minimising their high-speed activity as observed during soccer match play (Nassis et al., 557 
2015).  558 
 559 
A participants ‘willingness’ to perform high-speed exercise at a self-paced speed was 560 
measured during iSPT, via the variable run component, which is designed to quantify high-561 
speed running without an external cue (Aldous et al., 2014). However, when these external 562 
cues are removed in the variable run, participants choose a lower running speed in HOT, 563 
HYP and HH compared to CON, which might be indicative of the environment-mediated 564 
performance decrements observed in soccer match play (Mohr et al., 2012; Garvican et al., 565 
2014). Furthermore, significant reductions in variable run distance covered in HOT, HYP and 566 
HH both between halves (Figure 2) and in the final 15 min compared with CON (Table 3) 567 
were observed. Conversely to soccer match-play at 43
o
C (Mohr et al., 2012) the performance 568 
decrements (high-speed distance, sprint distance and variable run distance) between the first 569 
and last 15 min block was increased in HOT, HYP and HH when compared with CON (Table 570 
3); likely due to iSPT controlling pacing and match factors (Aldous et al., 2014). This decline 571 
in variable run distance supports the notion that the individualised externally-controlled 572 
movement patterns employed by iSPT prevented participants adopting an altered pacing 573 
strategy. However, previous soccer match-play data has identified that soccer players can 574 
preserve key physical performance measures (e.g. sprint distance covered) in hot and hypoxic 575 
environments (Nassis, 2013; Nassis et al., 2015), yet decrements in high-speed and sprint 576 
distance covered still occur in the final 15 min of match-play (76-90 min) when compared to 577 
the first 15 min (0-15 min) (Mohr et al., 2010; Mohr et al., 2012). These performance 578 
impairments may influence the match outcome as a number of studies have revealed more 579 
goals are scored/conceded in the final 15 min (76-90 min) of match-play (Abt et al., 2002; 580 
Armatas et al., 2007). This phenomenon in goals scored/conceded is likely due to an inability 581 
to maintain repeated sprint exercise or discrete episodes of non-fatigued maximal physical 582 
performance [central to match outcome (Faude et al., 2012)], within the final 15 min of 583 
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match-play (Gregson et al., 2010; Faude et al., 2012) as supported by the presented data 584 
(Figure 2). 585 
 586 
A further finding from the present study was that sprint distance covered was unchanged in 587 
HYP and HOT, however, peak sprint speed was also improved in HOT compared with CON, 588 
showing synergy with previous match-play data (Mohr et al., 2012; Nassis, 2013; Nassis et 589 
al., 2015). In HOT, the increase in peak sprint speed could be explained by an increase in 590 
estimated Tmu which has been shown to improve muscle contractile properties (Racinais et 591 
al., 2004), leading to a higher power production and in turn a better sprint performance 592 
(Racinais et al., 2005b). However, improvements in sprint performance during soccer match-593 
play in hot environments has been only shown to occur when Tre is below 39
o
C (Mohr et al., 594 
2012). Therefore, this could explain the significant reduction in sprint distance covered in the 595 
last 15 min in HOT (Table 3). Furthermore, Nassis (2013) identified that elite soccer players 596 
in the 2010 FIFA World Cup were able to preserve their peak sprint speed across match-play 597 
at low altitudes due to the altered composition to the atmosphere (i.e. air being thinner) which 598 
improves the aerodynamics and flight time of an athlete through the air (Levine et al., 2008). 599 
However, a hypobaric chamber was not available during this study, so a hypoxicator mask 600 
was used to simulate a low altitude environment despite the larger energy cost required when 601 
these types of masks are worn (Coppel et al., 2015). The mask was worn in all four 602 
experimental conditions to control for this potential confounding factor. Previous research 603 
has identified single and repeated sprint performance is maintained at altitude due to a greater 604 
anaerobic energy release (Calbet et al., 2003; Morales-Alamo et al., 2012). This is due to 605 
several metabolic pathways being stimulated to supplement energy production when aerobic 606 
metabolism is not capable of matching aerobic ATP production to consumption, especially 607 
the splitting of phosphocreatine (PCr) and glycolysis (Calbet et al., 2003). However, this is 608 
likely to manifest itself as a greater and earlier onset of fatigue towards the end of prolonged 609 
high-speed exercise as an increase in muscle lactate accumulation would account for a 610 
reduction in aerobic ATP production (Balsom et al., 1994; Billaut and Smith, 2010). 611 
Therefore, this could explain the exacerbated decline in sprint distance covered during the 612 




Despite similar decrements in physical performance in both HOT and HYP compared to 615 
CON, the physiological underpinning of such responses differ. Elevated Tre, Tsk and 616 
estimated Tmu (Figure 2) in HOT and HH were seen from 15 min onwards compared with 617 
CON and HYP, showing parity with previous soccer match-play research (Mohr et al., 2010; 618 
Özgünen et al., 2010; Mohr et al., 2012). In HOT, the absolute rise in Tsk and estimated Tmu 619 
predicted total and high-speed distance covered, with end TS predicting the decrement in 620 
total distance. As both Tsk and TS have a strong relationship (Sawka et al., 2012), thermal 621 
comfort is likely central to the physical performance decrements seen in HOT. Interventions 622 
should target these specific factors (Tsk, estimated Tmu and TS) in an attempt to maintain 623 
‘temperate-like’ match play soccer performance. 624 
 625 
An increase in HR at HYP when compared with CON, shows synergy with previous soccer 626 
match-play data at 1,600m above sea level (Garvican et al., 2014). The rise in HR seen in 627 
HYP can be attributed to a hemodynamic response arising from a reduction in SaO2 which 628 
drives a compensatory increase in cardiac output (Mazzeo, 2008; Stembridge et al., 2015a; 629 
Stembridge et al., 2015b). However, during high-speed exercise bouts at altitude a decrease 630 
in stroke volume can decrease O2 delivery to the active muscles as it cannot match the muscle 631 
demand, manifesting as a decline to physical performance in HYP (Mazzeo, 2008). A 632 
reduction in SaO2 by ~8% compared to CON was also apparent by the end of iSPT in both 633 
HYP and HH which indicates the onset of exercise induced arterial hypoxemia had occurred 634 
causing a plethora of detrimental physiological responses (Billaut and Aughey, 2013), driving 635 
the exacerbated performance decrements seen in HYP and HH (Figure 2). Indeed, reduced 636 
phosphocreatine re-synthesis at altitude is due to sub-optimal re-oxygenation of the active 637 
skeletal muscle elongating the recovery time between high-speed exercise bouts (Garvican et 638 
al., 2014). Changes in high-speed running are important for maintaining match-play physical 639 
performance, due to its association with game defining moments (Gregson et al., 2010), 640 
possibly impacting upon the match result (Taylor and Rollo, 2014). Furthermore, the 641 
employed design cannot distinguish precisely between whether the changes in SaO2 were 642 
apparent due to exercise and/or environmentally-induced-arterial-hypoxemia, highlighting 643 
that future work should look to explore these complex phenomena within an appropriate 644 
design. Data by Billaut and Smith (2010) indicates that intermittent running based exercise 645 
can induce exercise-induced-arterial-hypoxemia in University level soccer players. Therefore, 646 
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although the employed design cannot distinguish precisely between exercise and 647 
environmentally-mediated-arterial-hypoxemia future work should look to explore these 648 
complex phenomena within an appropriate design. 649 
 650 
In HH, the largest performance decrement both between halves (Figure 2) and 15 min blocks 651 
was evident (Table 3). However, all changes in TS (Figure 4), body mass and temperature 652 
(Figure 3) were similar compared with HOT. Furthermore, all changes to both SaO2 (Figure 653 
4) and HR were comparable with HYP. This is despite a greater decline in total distance and 654 
high-speed distance covered, as well as an additional reduction in sprint distance covered in 655 
HH which were not present in HOT and HYP (Figure 2). This exacerbated reduction to 656 
physical performance in HH may have been due to a significant increase in Bla concentration 657 
which may indicate a greater anaerobic energy release compared with CON, HOT and HYP 658 
(Amann et al., 2006). Furthermore, a 5% reduction in plasma volume (Table 3) which 659 
coincided with a 2% change in body mass post-iSPT in HH may have meant that the 660 
participants finished iSPT in a hypo-hydrated state, (Cheuvront et al., 2003) causing an 661 
increase to the rate of heat storage and sweat output which in turn can impair prolonged high-662 
speed activities in hot environments (Cheuvront and Kenefick, 2014). Additionally, HR was 663 
also increased during HH, showing parity with previous research in a hot and low altitude 664 
environment (30
o
C; 1,900m) (Buono et al., 2012). This augmented HR response in HH likely 665 
stemmed from an impaired stroke volume and/or cardiac output, previously seen during 666 
prolonged exercise bouts in heat (González-Alonso et al., 2008) and hypoxia (Mazzeo, 2008). 667 
Thus, the exacerbated decline in performance was likely caused by a combination of both hot 668 
and hypoxic-mediated fatigue mechanisms. It is already acknowledged that both heat and 669 
hypoxia induce performance decrements via these mechanisms during soccer match-play 670 
likely influencing match outcome (Taylor and Rollo, 2014). Therefore, the number of game 671 
defining moments may be further decreased within HH.  672 
 673 
The use of recreationally active male volunteers, rather than elite soccer players, is a 674 
limitation of this study; so any generalisation of the results to such populations should be 675 








, demonstrating some parity with elite soccer (Tonnessen et al., 2013). The assessment 677 
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of technical skills and multi-directional movements were unable to be quantified by iSPT 678 
(Aldous et al., 2014). Therefore, to assess these within a similarly valid soccer-specific 679 
simulation, match factors and protective adaptive pacing strategies must be controlled, in 680 
order to robustly assess whether technical skills would remain unchanged in line with 681 
previous match-play data (Mohr et al., 2012; Nassis, 2013; Nassis et al., 2015).  682 
 683 
The data from this study can be utilised to ascertain the efficacy of any ergogenic 684 
intervention to offset the environmentally-induced-decrements. For example, pre- and/or 685 
half-time-cooling has been reported to have an ergogenic effect upon both aerobic (Duffield 686 
et al., 2010) and repeated-sprint performance in the heat (Castle et al., 2006). Dietary nitrate 687 
has also been shown to improve muscle oxygenation during sub-maximal and maximal 688 
exercise in acute severe hypoxia (Masschelein et al., 2012; Wylie et al., 2013; Thompson et 689 
al., 2015). Furthermore, key physical performance measures (e.g. high-speed distance and 690 
sprint distance covered) associated with the match outcome in soccer (Gregson et al., 2010; 691 
Faude et al., 2012) are impaired in hot, hypoxic and hot-hypoxic environments, potentially 692 
decreasing the number of game defining events during match-play (Taylor and Rollo, 2014). 693 
Therefore, the efficacy of these interventions may be important for practitioners and 694 
governing bodies to attenuate these decrements present for key physical performance 695 
measures during soccer match-play in hot and hypoxic environments.  696 
 697 
In conclusion, the present study shows that during simulated soccer performance, total 698 
distance, high-speed distance and variable run distance covered are significantly impaired 699 
within hot (30
o
C), hypoxic (1000 m above sea level) and hot-hypoxic (30
o
C; 1000 m above 700 
sea level) conditions when compared to a normoxic-temperate environment. Furthermore, 701 
peak sprint speed, was increased in HOT compared with CON, HYP and HH. However, 702 
sprint distance covered was unchanged in HOT and HYP and only decreased in HH 703 
compared with CON. It is also revealed that the reduction in soccer physical performance is 704 
exacerbated in HH, compared to HOT and HYP alone. The heat-induced-decrements in HOT 705 
stem from increasing body temperatures, TS and the 2% reduction in body mass. The 706 
hypoxic-induced-decrements in HYP were most likely initiated by a decrease in SaO2 and 707 
increase in HR. Similar changes in TS, body mass and temperatures were seen in HOT 708 
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compared with HH, whilst similar changes in HR and SaO2 were evident in HH compared to 709 
HYP. Furthermore, both Bla and plasma volume change alterations were only seen in HH 710 
compared with CON, highlighting that both these measures may play a role in the 711 
exacerbated decrements seen in HH. However, a deductive design to assess whether 712 
simulated soccer performance would still decrease in HH if plasma volume was maintained is 713 
needed to understand the mechanistic cause of these findings. The aforementioned 714 
physiological changes seen in the present study may influence the decrements to physical 715 
performance seen in HOT, HYP and HH. Therefore, a detrimental effect on the match 716 
outcome may be seen in soccer match-play in these environments, which would be important 717 





This research was funded by the João Havelange Research Scholarship on behalf of the 723 
Fédération Internationale de Football Association (FIFA). No commercial or financial 724 
incentives were provided that can have caused any potential conflict of interest. The authors 725 
would like to thank the participants for their involvement in this study. There was no conflict 726 
of interest for any author in this study. 727 
 728 
REFERENCES 729 
Abt, G., Dickson, G., and Mummery, W. (2002). "Goal Scoring Patterns Over The Course Of 730 
A Match: An Analysis Of The Australian National Soccer League," in Science and 731 
football IV, eds. W. Spinks, T. Reilly & A. Murphy.  (London: Routledge), 106-111. 732 
Aldous, J.W.F., Akubat, I., Chrismas, B.C.R., Watkins, S.L., Mauger, A.R., Midgley, A.W., 733 
Abt, G., and Taylor, L. (2014). The reliability and validity of a soccer-specific non-734 
motorised treadmill simulation (Intermittent Soccer Performance Test). Journal of 735 
Strength & Conditioning Research 28, 1971-1980. 736 
Amann, M., Eldridge, M.W., Lovering, A.T., Stickland, M.K., Pegelow, D.F., and Dempsey, 737 
J.A. (2006). Arterial oxygenation influences central motor output and exercise 738 
performance via effects on peripheral locomotor muscle fatigue in humans. The 739 
Journal of Physiology 575, 937-952. 740 
25 
 
Armatas, V., Yiannakos, A., and Sileloglou, P. (2007). Relationship between time and goal 741 
scoring in soccer games: Analysis of three World Cups. International Journal of 742 
Performance Analysis in Sport 7, 48-58. 743 
Aughey, R.J., Hammond, K., Varley, M.C., Schmidt, W.F., Bourdon, P.C., Buchheit, M., 744 
Simpson, B., Garvican-Lewis, L.A., Kley, M., Soria, R., Sargent, C., Roach, G.D., 745 
Claros, J.C., Wachsmuth, N., and Gore, C.J. (2013). Soccer activity profile of altitude 746 
versus sea-level natives during acclimatisation to 3600 m (ISA3600). British Journal 747 
of Sports Medicine 47 Suppl 1, i107-113. 748 
Balsom, P., Gaitanos, G., Ekblom, B., and Sjödin, B. (1994). Reduced oxygen availability 749 
during high intensity intermittent exercise impairs performance. Acta Physiologica 750 
Scandinavica 152, 279-285. 751 
Bartsch, P., Saltin, B., and Dvorak, J. (2008). Consensus statement on playing football at 752 
different altitude. Scandinavian Journal Of Medicine & Science In Sports 18 Suppl 1, 753 
96-99. 754 
Billaut, F., and Aughey, R.J. (2013). Update in the understanding of altitude-induced 755 
limitations to performance in team-sport athletes. British Journal of Sports Medicine 756 
47, i22-i25. 757 
Billaut, F., and Smith, K. (2010). Prolonged repeated-sprint ability is related to arterial O2 758 
desaturation in men. International Journal of Sports Physiology and Performance 5, 759 
197-209. 760 
Borg, G. (1998). Borg's perceived exertion and pain scales. Champaign, IL, US: Human 761 
Kinetics. 762 
Buchheit, M., Hammond, K., Bourdon, P.C., Simpson, B.M., Garvican-Lewis, L.A., Schmidt, 763 
W.F., Gore, C.J., and Aughey, R.J. (2015). Relative Match Intensities at High 764 
Altitude in Highly-Trained Young Soccer Players (ISA3600). Journal of Sports 765 
Science & Medicine 14, 98-102. 766 
Buono, M.J., Green, M., Jones, D., and Heaney, J.H. (2012). Increases in heart rate and RPE 767 
are additive during prolonged exercise in heat and hypoxia. Medicine and Science in 768 
Sports and Exercise 44, 759-760 (Abstract 2912). 769 
Calbet, J.A., De Paz, J.A., Garatachea, N., Cabeza de Vaca, S., and Chavarren, J. (2003). 770 
Anaerobic energy provision does not limit Wingate exercise performance in 771 
endurance-trained cyclists. Journal Of Applied Physiology (1985) 94, 668-676. 772 
Castle, P.C., Macdonald, A.L., Philp, A., Webborn, A., Watt, P.W., and Maxwell, N.S. 773 
(2006). Precooling leg muscle improves intermittent sprint exercise performance in 774 
hot, humid conditions. Journal of Applied Physiology 100, 1377-1384. 775 
Cheuvront, S.N., Carter, R., 3rd, and Sawka, M.N. (2003). Fluid balance and endurance 776 
exercise performance. Current Sports Medicine Reports 2, 202-208. 777 
Cheuvront, S.N., and Kenefick, R.W. (2014). Dehydration: Physiology, Assessment, and 778 
Performance Effects. Comprehensive Physiology 4, 257-285. 779 
Coppel, J., Hennis, P., Gilbert-Kawai, E., and Grocott, M.P. (2015). The physiological effects 780 
of hypobaric hypoxia versus normobaric hypoxia: a systematic review of crossover 781 
trials. Extreme Physiology & Medicine 4, 2. 782 
Coull, N.A., Watkins, S.L., Aldous, J.W., Warren, L.K., Chrismas, B.C., Dascombe, B., 783 
Mauger, A.R., Abt, G., and Taylor, L. (2015). Effect of tyrosine ingestion on 784 
cognitive and physical performance utilising an intermittent soccer performance test 785 
(iSPT) in a warm environment. European Journal of Applied Physiology 115, 373-786 
386. 787 
Dellal, A., Lago-Peñas, C., Rey, E., Chamari, K., and Orhant, E. (2013). The effects of a 788 
congested fixture period on physical performance, technical activity and injury rate 789 
26 
 
during matches in a professional soccer team. British Journal of Sports Medicine 49, 790 
390-394. 791 
Dill, D.B., and Costill, D.L. (1974). Calculation of percentage changes in volumes of blood, 792 
plasma, and red cells in dehydration. Journal of Applied Physiology (1985) 37, 247-793 
248. 794 
Drust, B., Waterhouse, J., Atkinson, G., Edwards, B., and Reilly, T. (2005). Circadian 795 
rhythms in sports performance-an update. Chronobiology International 22, 21-44. 796 
Duffield, R., Green, R., Castle, P., and Maxwell, N. (2010). Precooling can prevent the 797 
reduction of self-paced exercise intensity in the heat. Medicine and Science in Sports 798 
and Exercise 42, 577-584. 799 
Ekblom, B. (1986). Applied Physiology of Soccer. Sports Medicine 3, 50-60. 800 
Faude, O., Koch, T., and Meyer, T. (2012). Straight sprinting is the most frequent action in 801 
goal situations in professional football. Journal of Sports Sciences 30, 625-631. 802 
Flouris, A.D., and Schlader, Z.J. (2015). Human behavioral thermoregulation during exercise 803 
in the heat. Scandinavian Journal of Medicine & Science in Sports 25 Suppl 1, 52-64. 804 
Garvican, L.A., Hammond, K., Varley, M.C., Gore, C.J., Billaut, F., and Aughey, R.J. 805 
(2014). Lower Running Performance and Exacerbated Fatigue in Soccer Played at 806 
1600 m. International Journal of Sports Physiology and Performance 9, 397-404. 807 
González-Alonso, J., Crandall, C.G., and Johnson, J.M. (2008). The cardiovascular challenge 808 
of exercising in the heat. The Journal of Physiology 586, 45-53. 809 
Goodall, S., Twomey, R., and Amann, M. (2014). Acute and chronic hypoxia: implications 810 
for cerebral function and exercise tolerance. Fatigue: Biomedicine, Health and 811 
Behavior 2, 73-92. 812 
Gregson, W., Drust, B., Atkinson, G., and Di Salvo, V. (2010). Match-to-match variability of 813 
high speed activities in premier league soccer. International Journal of Sports 814 
Medicine 31, 237-242. 815 
Hillman, A.R., Turner, M.C., Peart, D.J., Bray, J.W., Taylor, L., McNaughton, L.R., and 816 
Siegler, J.C. (2013). A Comparison of Hyperhydration Versus Ad Libitum Fluid 817 
Intake Strategies on Measures of Oxidative Stress, Thermoregulation, and 818 
Performance. Research in Sports Medicine 21, 305-317. 819 
Hommel, G. (1988). A stagewise rejective multiple test procedure based on a modified 820 
Bonferroni test. Biometrika 75, 383-386. 821 
Lakomy, H.K.A. (1987). The use of a non-motorized treadmill for analysing sprint 822 
performance. Ergonomics 30, 627-637. 823 
Levine, B.D., Stray-Gundersen, J., and Mehta, R.D. (2008). Effect of altitude on football 824 
performance. Scandinavian Journal of Medicine & Science in Sports 18, 76-84. 825 
Masschelein, E., Van Thienen, R., Wang, X., Van Schepdael, A., Thomis, M., and Hespel, P. 826 
(2012). Dietary nitrate improves muscle but not cerebral oxygenation status during 827 
exercise in hypoxia. Journal of Applied Physiology 113, 736-745. 828 
Mazzeo, R. (2008). Physiological Responses to Exercise at Altitude. Sports Medicine 38, 1-8. 829 
Mohr, M., Krustrup, P., and Bangsbo, J. (2005). Fatigue in soccer: A brief review. Journal of 830 
Sports Sciences 23, 593-599. 831 
Mohr, M., Mujika, I., Santisteban, J., Randers, M.B., Bischoff, R., Solano, R., Hewitt, A., 832 
Zubillaga, A., Peltola, E., and Krustrup, P. (2010). Examination of fatigue 833 
development in elite soccer in a hot environment: a multi-experimental approach. 834 
Scandinavian Journal of Medicine & Science in Sports 20, 125-132. 835 
Mohr, M., Nybo, L., Grantham, J., and Racinais, S. (2012). Physiological responses and 836 
physical performance during football in the heat. PLoS One 7, e39202. 837 
Morales-Alamo, D., Ponce-Gonzalez, J.G., Guadalupe-Grau, A., Rodriguez-Garcia, L., 838 
Santana, A., Cusso, M.R., Guerrero, M., Guerra, B., Dorado, C., and Calbet, J.A. 839 
27 
 
(2012). Increased oxidative stress and anaerobic energy release, but blunted Thr172-840 
AMPKalpha phosphorylation, in response to sprint exercise in severe acute hypoxia in 841 
humans. Journal of Applied Physiology (1985) 113, 917-928. 842 
Nassis, G.P. (2013). Effect of altitude on football performance: Analysis of the 2010 FIFA 843 
World Cup data. Journal of Strength & Conditioning Research 27, 703-707. 844 
Nassis, G.P., Brito, J., Dvorak, J., Chalabi, H., and Racinais, S. (2015). The association of 845 
environmental heat stress with performance: analysis of the 2014 FIFA World Cup 846 
Brazil. British Journal of Sports Medicine 49, 609-613. 847 
Nybo, L., Rasmussen, P., and Sawka, M.N. (2014). Performance in the Heat-Physiological 848 
Factors of Importance for Hyperthermia-Induced Fatigue. Comprehensive Physiology 849 
4, 657-689. 850 
Nybo, L., and Secher, N.H. (2004). Cerebral perturbations provoked by prolonged exercise. 851 
Progress in Neurobiology 72, 223-261. 852 
Oliver, J.L., Armstrong, N., and Williams, C.A. (2007). Reliability and validity of a soccer-853 
specific test of prolonged repeated-sprint ability. International Journal of Sports 854 
Physiology and Performance 2, 137. 855 
Özgünen, K.T., Kurdak, S.S., Maughan, R.J., Zeren, Ç., Korkmaz, S., Yazιcι, Z., Ersöz, G., 856 
Shirreffs, S.M., Binnet, M.S., and Dvorak, J. (2010). Effect of hot environmental 857 
conditions on physical activity patterns and temperature response of football players. 858 
Scandinavian Journal of Medicine & Science in Sports 20, 140-147. 859 
Périard, J.D., and Racinais, S. (2015). Training and competing in the heat. Scandinavian 860 
Journal of Medicine & Science in Sports 25, 2-3. 861 
Racinais, S., Blonc, S., and Hue, O. (2005a). Effects of active warm-up and diurnal increase 862 
in temperature on muscular power. Medicine and Science in Sports and Exercise 37, 863 
2134-2139. 864 
Racinais, S., Blonc, S., Jonville, S., and Hue, O. (2005b). Time of day influences the 865 
environmental effects on muscle force and contractility. Medicine and Science in 866 
Sports and Exercise 37, 256-261. 867 
Racinais, S., Fernandez, J., Farooq, A., Valciu, S., and Hynes, R. (2012). Daily variation in 868 
body core temperature using radio-telemetry in aluminium industry shift-workers. 869 
Journal of Thermal Biology 37, 351-354. 870 
Racinais, S., Hue, O., and Blonc, S. (2004). Time-of-day effects on anaerobic muscular 871 
power in a moderately warm environment. Chronobiology International 21, 485-495. 872 
Ramanathan, N.L. (1964). A new weighting system for mean surface temperature of the 873 
human body. Journal of Applied Physiology 19, 531-533. 874 
Roelands, B., De Pauw, K., and Meeusen, R. (2015). Neurophysiological effects of exercise 875 
in the heat. Scandinavian Journal of Medicine & Science in Sports 25, 65-78. 876 
Sawka, M.N., Burke, L.M., Eichner, E.R., Maughan, R.J., Montain, S.J., and Stachenfeld, 877 
N.S. (2007). Exercise and fluid replacement. Medicine and Science in Sports and 878 
Exercise 39, 377-390. 879 
Sawka, M.N., Cheuvront, S.N., and Kenefick, R.W. (2012). High skin temperature and 880 
hypohydration impair aerobic performance. Experimental physiology 97, 327-332. 881 
Stembridge, M., Ainslie, P.N., Hughes, M.G., Stohr, E.J., Cotter, J.D., Tymko, M.M., Day, 882 
T.A., Bakker, A., and Shave, R.E. (2015a). Impaired myocardial function does not 883 
explain reduced left ventricular filling and stroke volume at rest or during exercise at 884 
high altitude. Journal of Applied Physiology (1985) 119, 1219-1227. 885 
Stembridge, M., Ainslie, P.N., and Shave, R. (2015b). Short‐term adaptation and chronic 886 
cardiac remodelling to high altitude in lowlander natives and Himalayan Sherpa. 887 
Experimental Physiology 100, 1242-1246. 888 
28 
 
Taylor, L., Fitch, N., Castle, P., Watkins, S., Aldous, J., Sculthorpe, N., Midgely, A., Brewer, 889 
J., and Mauger, A. (2014). Exposure to hot and cold environmental conditions does 890 
not affect the decision making ability of soccer referees following an intermittent 891 
sprint protocol. Frontiers in Physiology 5, 1-9. 892 
Taylor, L., Hillman, A., Midgley, A., Peart, D., Chrismas, B., and McNaughton, L. (2012). 893 
Hypoxia-mediated prior induction of monocyte-expressed HSP72 and HSP32 894 
provides protection to the disturbances to redox balance associated with human sub-895 
maximal aerobic exercise. Amino Acids 43, 1933-1944. 896 
Taylor, L., Midgley, A., Chrismas, B., Madden, L., Vince, R., and McNaughton, L. (2010). 897 
The effect of acute hypoxia on heat shock protein 72 expression and oxidative stress 898 
in vivo. European Journal of Applied Physiology 109, 849-855. 899 
Taylor, L., and Rollo, I. (2014). Impact Of Altitude And Heat On Football Performance. 900 
Gatorade Sport Science Institute (GSSI) - Sports Science Exchange (SSE) [Online], 901 
27. Available: http://www.gssiweb.org/Article/sse-131-impact-of-altitude-and-heat-902 
on-football-performance. 903 
Thompson, C., Wylie, L.J., Fulford, J., Kelly, J., Black, M.I., McDonagh, S.T., Jeukendrup, 904 
A.E., Vanhatalo, A., and Jones, A.M. (2015). Dietary nitrate improves sprint 905 
performance and cognitive function during prolonged intermittent exercise. European 906 
Journal of Applied Physiology 115, 1825-1834. 907 
Tonnessen, E., Hem, E., Leirstein, S., Haugen, T., and Seiler, S. (2013). Maximal aerobic 908 
power characteristics of male professional soccer players, 1989-2012. International 909 
Journal of Sports Physiology and Performance 8, 323-329. 910 
Vandenbogaerde, T.J., and Hopkins, W.G. (2010). Monitoring acute effects on athletic 911 
performance with mixed linear modeling. Medicine and Science in Sports and 912 
Exercise 42, 1339-1344. 913 
West, B.T., Welch, K.B., and Galecki, A.T. (2014). Linear mixed models: a practical guide 914 
using statistical software. CRC Press. 915 
Wylie, L.J., Mohr, M., Krustrup, P., Jackman, S.R., Ermιdis, G., Kelly, J., Black, M.I., 916 
Bailey, S.J., Vanhatalo, A., and Jones, A.M. (2013). Dietary nitrate supplementation 917 
improves team sport-specific intense intermittent exercise performance. European 918 
Journal of Applied Physiology 113, 1673-1684. 919 
Young, A.J., Sawka, M.N., Epstein, Y., Decristofano, B., and Pandolf, K.B. (1987). Cooling 920 
different body surfaces during upper and lower body exercise. Journal of Applied 921 




Table 1: The percentage of intensity, frequency and total time spent at each movement 
category during iSPT [obtained from (Aldous et al, 2014)]. 
Movement Category % of PSS Frequency Total Time (s) % Total Time 
Stand 0 240 1920 17.8 
Walk 20 456 3936 36.4 
Jog 35 300 2592 24.0 
Run 50 192 1248 11.6 
Fast run 60 72 384 3.6 
Variable run Unset 48 288 2.7 
Sprint 100 72 432 4.0 
Total --- 690 5400 100 
PSS = Peak Sprint Speed; s = seconds; % = Percentage 











CON 18.1 ± 0.6 50.8 ± 0.6 0 0 ± 0.0  
HOT 30.3 ± 0.5 50.3 ± 0.3 0 0 ± 0.0 
HYP 18.2 ± 0.9 50.3 ± 0.6 1,001 ± 10.9 
HH 30.5 ± 0.8 50.5 ± 3.6 1,003 ±10.5 
































Table 3: The HSD, SD, VRD covered and PSS in 15 min blocks during CON, HOT, HYP and HH. The HSD, SD and VRD covered are 
presented as an overall distance covered during each 15 min period. The PSS is presented as the fastest speed recorded in each 15 min 
period. 
CON – Normoxic-Temperate; HH – Hot-Hypoxic; HOT – Hot; HSD – High Speed Distance; Hyp – Hypoxic; PSS – Peak Sprint Speed SD – 
Sprint Distance; VRD - Variable Run Distance; 
*
Significant difference from the first 15 min; 
g
Significant difference in 15 min block between 
CON and HOT; 
h
Significant difference in 15 min block between CON and HYP; 
i
Significant difference in 15 min block between CON and HH; 
j
Significant difference in 15 min block between HOT and HYP; 
k




 0-15 min 15-30 min 30-45 min 45-60 min 60-75 min 75-90 min 
High speed distance covered (m) 
CON 400 ± 15 393 ± 17  384 ± 17 388 ± 14  378 ± 18  373 ± 21
*
 
HOT 374 ± 22
g
 366 ± 20
g
 362 ± 19
g
 359 ± 22
g
 352 ± 23
g
 343 ± 24
* g
 
HYP 367 ± 20
h
 362 ± 19
h
 351 ± 24
h
 355 ± 23
h
 347 ± 24
h
 332 ± 27
* h
 
HH 355 ± 24
i
 339 ± 26
i
 324 ± 30
i
 333 ± 19
i
 319 ± 20
i
 306 ± 29
* i
 
Sprint distance covered (m) 
CON 182 ± 13 177 ± 12 174 ± 12 174 ± 13 175 ± 11 170 ± 12
*
 
HOT 178 ± 14 177 ± 13 174 ± 12 170 ± 11 169 ± 13 160 ± 11
* g
 
HYP 176 ± 13 173 ± 13
 
 171 ± 17 169 ± 17 167 ± 17
 
 158 ± 15
* h
 
HH 171 ± 16 164 ± 17
 
 157 ± 14 162 ± 12 157 ± 12
i 
 149 ± 16
* i
 
Variable run distance covered (m) 
CON 100 ± 8 95 ± 7 94 ± 9 95 ± 7 92 ± 7 90 ± 7
*
 
HOT 88 ± 8
 
 85 ± 9 83 ± 11 84 ± 11 79 ± 10 74 ± 11
* g
 
HYP 89 ± 8
 
 86 ± 9 85 ± 9 86 ± 9 80 ± 11 74 ± 12
* h
 
HH 84 ± 10
i











Peak sprint speed  (km·h
-1
)      
CON 21.5 ± 1.2 21.1 ± 1.7 20.2 ± 1.6 19.8 ± 1.3 21.1 ± 1.7 21.5 ± 1.8 
HOT 22.1 ± 1.5
g, j, k
 23.2 ± 1.4
g, j, k
 23.2 ± 1.5
g, j, k
 21.1 ± 1.2
g, j, k
 22.1 ± 1.3
g, j, k
 22.6 ± 1.4
g, j, k
 
HYP 21.1 ± 1.3 22.1 ± 1.2 22.6 ± 1.8 20.7 ± 1.5 21.2 ± 1.5 21.5 ± 1.9 
HH 20.4 ± 1.1 20.0 ± 1.6 19.8 ± 1.2 18.1 ± 1.1 19.2 ± 1.5 19.1 ± 2.0 
31 
 
Table 4: The Bla concentration and plasma volume changes at each individual time point, half and total during CON, HOT, HYP and 
HH. The Bla concentration is presented in mmol
-1
. Plasma volume change is presented as a percentage (%) change between pre- and 
post-iSPT. 
 0 min 12 min 27 min 45 min 1
st
 half  57 min 72 min 90 min 2
nd




CON 0.9 ± 0.3 4.8 ± 1.0 4.6 ± 1.0 4.7 ± 1.1 4.6 ± 1.0 4.3 ± 1.4 4.0 ± 1.5 3.3 ± 1.3 3.9 ± 1.3 4.3 ± 1.3 
HOT 0.9 ± 0.3 5.1 ± 1.8 5.4 ± 1.4 4.1 ± 1.7 5.1 ± 1.5 3.9 ± 1.6 4.7 ± 2.0 3.3 ± 1.5 4.0 ± 1.3 4.4 ± 1.9 
HYP  0.8 ± 0.2 5.3 ± 1.0 5.3 ± 1.1 4.4 ± 1.7 5.1 ± 1.1 4.0 ± 1.9 4.3 ± 1.5 3.3 ± 0.9 3.8 ± 1.2 4.5 ± 1.6 
HH 0.9 ± 0.3 6.7 ± 1.1 6.0 ± 1.4 5.5 ± 1.5 6.0 ± 1.0 5.7 ± 1.2 5.7 ± 1.3 5.0 ± 1.3 5.6 ± 1.0 5.8 ± 1.8
c 
Plasma volume Change (%) 
CON 0 ± 0 - - - - - - - - -2.3 ± 1.2 
HOT 0 ± 0 - - - - - - - - -3.1 ± 1.5 
HYP 0 ± 0 - - - - - - - - -3.1 ± 1.7 
HH 0 ± 0 - - - - - - - - -7.2 ± 2.2
c
 
Bla – Blood lactate CON – Normoxic-Temperate; HH – Hot-Hypoxic; HOT – Hot; Hyp – Hypoxic; cSignificant difference between CON and 






Figure 1: The 45-minute activity profile of iSPT for a participant with a peak speed of 
23 km·h
-1
 [obtained from (Aldous et al, 2014)]. 
 
Figure 2: The total distance covered (A), high-speed distance covered (B) variable run 
distance covered (C) and sprint distance covered (D) in total and in each half at CON, 
HOT, HYP and HH. Total, high-speed and variable run distance covered were significantly 
reduced (p < 0.05) in both halves of HOT and HYP compared with CON. These decrements 
for total and high-speed distance covered were exacerbated in HH compared with HOT and 
HYP. Sprint distance was significantly reduced (p < 0.05) in both halves of HH compared 
with CON. 
*
Significant difference from the first half;
 a
Significant difference between CON 
and HOT (p < 0.05); 
b
Significant difference between CON and HYP (p < 0.05); 
c
Significant 
difference between CON and HH (p < 0.05); 
d
Significant difference between HOT and HH (p 
< 0.05); 
e
Significant difference between HYP and HH (p < 0.05);
 1
Significant difference 
between halves in CON and HOT; 
2
Significant difference between halves in CON and HYP; 
3
Significant difference between halves in CON and HH 
4
Significant difference between 
halves in HOT and HH; 
5
Significant between halves in HYP and HH. 
 
Figure 3: The Tre (A), Tsk (B) and Tmu (C) during the first (0-45 min) and second (60-105 
min) half in CON, HOT, HYP and HH. All body temperatures were significantly increased 
(p < 0.05) in HOT and HH compared with CON and HYP from 15 – 105 min. aSignificant 
difference between CON and HOT (p < 0.05); 
c
Significant difference between CON and HH 
(p < 0.05); 
e
Significant difference between HYP and HH (p < 0.05); 
f
Significant difference 
between HOT and HYP (p < 0.05). 
 
Figure 4: The Perceived Exertion (A) and TS (B) and SaO2 (C) during the first (0-45 
min) and second (60-105 min) half in CON, HOT, HYP and HH. Perceived exertion was 
significantly increased from 30 – 105 min in HOT, HYP and HH compared with CON. A 
significant increase in TS was evident at 0 min and 30 – 105 min in HOT and HH compared 
with CON and HYP. Furthermore, SaO2 was significantly reduced in from 15 – 105 min in 
HYP and HH compared with CON and HOT. 
a
Significant difference between CON and HOT 
(p < 0.05); 
b
Significant difference between CON and HYP (p < 0.05); 
c
Significant difference 
between CON and HH (p < 0.05); 
d
Significant difference between HOT and HH (p < 0.05); 
e
Significant difference between HYP and HH (p < 0.05); 
f
Significant difference between 
HOT and HYP (p < 0.05).  
 
 
